Organochlorine chemical residues and elemental concentrations were measured in piscivorous and benthivorous fish at 111 sites from large U.S. river basins. Potential contaminant sources such as urban and agricultural runoff, industrial discharges, mine drainage, and irrigation varied among the sampling sites. Our objectives were to provide summary statistics for chemical contaminants and to determine if contaminant concentrations in the fish were a risk to wildlife that forage at these sites. Concentrations of dieldrin, total DDT, total PCBs, toxaphene, TCDD-EQ, cadmium, chromium, mercury, lead, selenium, and zinc exceeded toxicity thresholds to protect fish and piscivorous wildlife in samples from at least one site; most exceedences were for total PCBs, mercury, and zinc. Chemical concentrations in fish from the Mississippi River Basin exceeded the greatest number of toxicity thresholds. Screening level wildlife risk analysis models were developed for bald eagle and mink using no adverse effect levels (NOAELs), which were derived from adult dietary exposure or tissue concentration studies and based primarily on reproductive endpoints. No effect hazard concentrations (NEHC) were calculated by comparing the NOAEL to the food ingestion rate (dietary-based NOAEL) or biomagnification factor (tissue-based NOAEL) of each receptor. Piscivorous wildlife may be at risk from a contaminant if the measured concentration in fish exceeds the NEHC. Concentrations of most organochlorine residues and elemental contaminants represented no to low risk to bald eagle and mink at most sites. The risk associated with pentachloroanisole, aldrin, Dacthal, methoxychlor, mirex, and toxaphene was unknown because NOAELs for these contaminants were not available for bald eagle or mink. Risk differed among modeled species and sites. Our screening level analysis indicates that the greatest risk to piscivorous wildlife was from total DDT, total PCBs, TCDD-EQ, mercury, and selenium. Bald eagles were at greater risk to total DDT and total PCBs than mink, whereas risks of TCDD-EQ, mercury, and selenium were greater to mink than bald eagle.
polychlorinated biphenyls (PCBs), mercury, and selenium can accumulate in fish and pose a threat to piscivorous wildlife. Fish often comprise a substantial dietary portion of species such as mink (Mustela vison), river otter (Lutra canadensis), osprey (Pandion haliaetus), and bald eagle (Haliaeetus leucocephalus), and therefore represent a significant route of contaminant exposure. In addition, wildlife typically consume most or all of the fish, including internal organs, in which concentrations of many contaminants are generally greater than those in the muscle tissue (fillet) typically used to assess human health risks.
The Large River Monitoring Network (LRMN) of the Biomonitoring of Environmental Status and Trends (BEST) Project was initiated to document spatial trends in accumulative chemical contaminants, health indicators, and reproductive biomarkers. From 1995 through 2004, the BEST-LRMN Project measured concentrations of organochlorine pesticides, PCBs, and elemental contaminants in whole-body composite samples of piscivorous and benthivorous fish from nine U.S. river basins (Schmitt 2002; Schmitt et al. 2005; Hinck et al. 2006a, b; , 2008 . Hinck et al. (2006b) determined that avian and mammalian piscivorous wildlife were at risk to mercury, but not organochlorine pesticides or PCBs, in northern pike (Esox lucius), longnose sucker (Catostomus catostomus), and burbot (Lota lota) from the Yukon River Basin. However, the risk of chemical contaminants to piscivorous wildlife that live and forage at BEST-LRMN sites in the conterminous United States has not been evaluated. Therefore, this paper reports a wildlife risk analysis that was conducted to determine the risk of these contaminants to avian (bald eagle) and mammalian (mink) receptors that consume the large adult fish such as those collected by the BEST-LRMN Project and have a broad geographic range. Unlike many ecological risk assessments that estimate fish contaminant concentrations from sediment or soil contaminant concentrations, contaminant concentrations in whole-body fish samples from the BEST-LRMN Project were used in the analysis to give a more accurate estimate of risk to piscivorous wildlife.
The BEST-LRMN Project was preceded by the National Contaminant Biomonitoring Program (NCBP). The NCBP measured organochlorine residues and elemental contaminants in whole-body fish composite samples from 1976 through 1986 at 107 locations across the United States (Schmitt et al. 1999) . The NCBP demonstrated that concentrations of organochlorine pesticides, PCBs, and certain elemental contaminants such as mercury were generally decreasing in fish and provided descriptive statistics for concentration distributions in fish from across the United States. The geometric means and 85th percentile concentrations from the NCBP have been previously used as benchmarks for national trends of contaminant concentrations in whole-body fish (Schmitt et al. 1999) . Some of the BEST-LRMN sites were co-located at historical NCBP sites, and trend analysis for contaminant concentrations were included in individual basin reports (Schmitt 2002; Schmitt et al. 2005; Hinck et al. 2006a; . This paper provides an example of how contaminant concentrations in fish from a routine monitoring program can be used to screen for risk of contaminant exposure to piscivorous wildlife. This approach follows the procedures developed by the U.S. Environmental Protection Agency (USEPA) to conduct screening-level ecological risk assessments (USEPA 1998) . Although these assessments are usually applied locally to assess specific sites, they have been used in regional assessments. For example, Yeardley et al. (1998) examined the risk of mercury to wildlife in northeastern U.S. lakes, and Hinck et al. (2006b) determined the risk of contaminant exposure to avian and mammalian receptors in the Yukon River Basin. Our objectives were (1) to provide summary statistics for organochlorine chemical residues and elemental contaminants measured by the BEST-LRMN Project and (2) to screen for contaminants that represent a risk to bald eagle and mink and identify the areas where the risk to these receptors was greatest. The wildlife risk analysis data from Hinck et al. (2006b) were updated in this paper to provide results for all BEST-LRMN samples. These results were then compared to site specific studies to determine if piscivorous wildlife had previously been identified as at risk to contaminant exposure.
Materials and methods
Detailed sampling, field, and laboratory procedures have been previously described (Schmitt 2002; Schmitt et al. 2005; Hinck et al. 2006a, b; 2008) . A summary is presented here.
Sampling and field procedures Fish were collected from 111 sites in nine river basins (Table 1 ; Fig. 1 ). Sites were located in the Apalachicola River Basin (n=3), Colorado River Basin (n= 14), Columbia River Basin (n=16), Mobile River Basin (n=4), Mississippi River Basin (n=48), Pee Dee River Basin (n=3), Rio Grande Basin (n=10), Savannah River Basin (n=3), and Yukon River Basin (n=10 ; Table 1 ). Of these, 51 were NCBP sites that had been sampled historically (Schmitt et al. 1999) . Each site was sampled once. Sampling sites were located on the mainstem and large tributaries of the river basins with known access points without regard to contaminant sources; however, the sites did represent a range of contaminant sources (e.g., chemical manufacturing, agricultural, and urban areas). Most fish were captured by electrofishing; hook-and-line, gill nets, and fyke nets were used only in the Yukon River Basin. Piscivorous species included black bass (Micropterus spp.), white bass (Morone spp.), catfish (Ictaluridae), northern pike, northern pikeminnow (Ptychocheilus oregonensis), burbot, trout (Salmonidae), pikeperch (Sander spp.), and goldeye (Hiodon alosoides). Benthivorous species included common carp (Cyprinus carpio) and sucker (Catistomidae; Table 2 ).
Laboratory analyses
Fish were shipped to the laboratory frozen on dry ice and stored at −20°C until prepared for analysis. Individual whole fish were partly thawed, cut into pieces, and ground to a fine texture. The ground subsamples were then grouped to create a single homogenous composite sample for each site, species, and gender combination. A total of 409 composite samples were included in the chemical analysis.
One sub-sample (10 g) of each composite sample was solvent-extracted and analyzed gravimetrically for lipid content and by high-resolution capillary gas chromatography with electron capture detection for organochlorine pesticide residues and total PCBs (sum of individual congeners) after size exclusion and adsorption column cleanup. Pentachlorobenzene, pentachloroanisole, aldrin, Dacthal, heptachlor, endosulfan I, endosulfan II, endosulfan sulfate, and methoxychlor were not measured in Columbia, Rio Grande, and Mississippi River Basin samples. Quality assurance (QA) measures for the organochlorine pesticide and PCB analyses included the analysis of blanks, triplicate analyses, and matrix spikes. The detection limit for each compound was calculated by adding the average procedural blank concentration to three times the procedural blank standard deviation (Keith 1991) and varied among study years with detection limits changing by two orders of magnitude for some organochlorine residues (Table 3) . Concentrations were converted from ng/g wet weight (ww) to μg/g ww for statistical and wildlife risk analyses.
A second sub-sample of each fish composite sample (100 g) was freeze-dried for elemental analysis. Percent moisture was determined as weight lost during lyophilization. For samples from the Mississippi, Rio Grande, and Columbia River Basins, one portion of the dried material was acid-digested and analyzed by atomic absorption spectroscopy and inductively coupled plasma emission spectroscopy. For all other samples, three sub-samples were analyzed for elemental contaminants. One portion of the dried material was digested in nitric acid and analyzed by inductively coupled plasma mass spectroscopy for cadmium, copper, chromium, nickel, lead, and zinc. A second portion was dry-ashed (magnesium nitrate-nitric acid-HCl) and analyzed by hydride generation atomic absorption spectroscopy for arsenic and selenium. A third portion was analyzed directly for total mercury using thermal combustion, amalgamation, and atomic absorption spectroscopy. QA measures for the elemental analyses included the analysis of reagent blanks, duplicate samples, certified reference materials, and fortified samples. Dry-weight (dw) detection limits were determined individually for each element in each sample. Elemental concentrations (including detection limits) were converted from μg/g dw to μg/g ww for statistical analysis and reporting using the moisture content of each sample (Table 4) .
A third sub-sample (10 g) was solvent-extracted and subjected to reactive cleanup for use in the H4IIE bioassay Whyte et al. 2004 ). Concentrations of 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents (TCDD-EQ; pg/g ww) were determined by slope ratio assay as modified by Ankley et al. (1991) . QA measures for the H4IIE bioassay included analysis of duplicate samples and reference materials. Concentrations were converted to μg/g ww for the wildlife risk analysis. Summary statistics including the number of detected concentrations, unweighted geometric means, median, and maximum concentrations were computed to examine distributions of each chemical contaminant for the entire dataset. The 85th percentile also was computed to compare to historical NCBP concentrations (Schmitt et al. 1999) . Organochlorine residues and elemental contaminant concentrations were compared to toxicity thresholds based on wholebody fish concentrations and wildlife toxicity values from the scientific literature. Criteria for inclusion of a toxicity threshold in our evaluation were that the threshold was based on a whole-body fish concentration and associated with reproductive performance, growth, or survival. Wildlife toxicity values were used when whole-body toxicity threshold were not available. Censored values (i.e., concentrations less than the detection limit) were replaced by one half the detection limit in all figures.
Screening level wildlife risk analysis
Risk to piscivorous wildlife was evaluated with models based on adult dietary exposure or tissue concentrations. Dietary-based toxicity reference values (TRVs) based on no observed adverse effect levels (NOAELs) from the scientific literature were used for most contaminants (Linder et al. 1980; Hill and Camardese 1986; Sample et al. 1996; Tillitt et al. 1996; USEPA 1995) . An adjustment factor for differences in body size was applied when the mammal NOAEL TRV was not based on a mink study; a scaling factor of 1 was used for interspecies extrapolation among birds (Sample et al. 1996) . Consensus TRVs adopted by the USEPA were used for arsenic, cadmium, chromium, copper, nickel, and lead (USEPA 1995; 2005a, b, c, d; 2007a, b) . Tissuebased TRVs developed from NOAEL egg concentrations were used for total DDT, total PCB, and TCDD-EQ in the bald eagle model because developing embryos are more sensitive to these contaminants than adult birds (Elliott and Harris 2001) . The TRV for TCDD-EQ was based on a toxic equivalent that was developed using consensus toxic equivalent factors (van den Berg et al. 1998; Elliott and Harris 2001) . A tissue-based TRV was also used for mercury in the bald eagle model after the use of a dietary-based TRV (0.0064 mg/kg/d; Sample . Piscivorous wildlife may be at risk from a contaminant if the measured concentration in the fish composite sample exceeds the NEHC. Risk (Aulerich and Ringer 1977; Heaton et al. 1995) , and mercury has been implicated in increased mink mortality (Wren et al. 1987) . Bald eagle survival and reproduction have been negatively affected by dieldrin, p,p′-DDE, and PCBs in the environment (Reichel et al. 1984; Wiemeyer et al. 1984) . Benthivorous and piscivorous fish were examined separately because fish in higher trophic levels (piscivorous fish) generally have higher concentrations of accumulative contaminants such as total PCBs and mercury, but benthivorous fish species are the preferred prey in some bald eagle populations (Haywood and Ohmart 1986) .
Results

Environmental contaminant concentrations
Organochlorine concentrations were less than the detection limits in most samples (Table 5) . Transnonachlor, p,p′-DDE, p,p′-DDD, total PCBs, and TCDD-EQ were the most frequently detected com-pounds. Higher detection limits for the Mississippi, Rio Grande, and Columbia River Basins than for those other basins sampled influenced mean and median concentrations of many organochlorine residues (Table 5 ). Mean concentrations ranged from 0.00007 to 0.08089 μg/g, and median concentration ranged from 0.00007 to 0.0723 μg/g (most <0.01 μg/ g). Mean and median concentrations were greatest for total chlordanes, p,p′-DDE, total DDT, total PCBs, and toxaphene (Table 5 ). The 85th percentile ranged from 0.00021 μg/g for pentachlorobenzene and heptachlor to 0.450 μg/g for total PCBs and were >0.02 μg/g for trans-nonachlor, total chlordanes, p,p′-DDE, p,p′-DDD, total DDT, total PCBs, and toxaphene (Table 5 ). Maximum concentrations ranged from 0.00111 μg/g for aldrin to 11.37 μg/g for total DDT but were <0.08 μg/g for most organochlorine residues ( Table 5 ). The median TCDD-EQ concentration was 0.0000017 μg/g (Table 5 ). Mean concentrations of select organochlorine pesticides and total PCBs were less than those reported in fish from the historical NCBP (Table 5 ). Mean concentrations of Dacthal and heptachlor were tenfold lower than those measured in NCBP samples, and mean concentrations of chlordane components (oxychlordane, cis-and trans-chlordanes and nonachlors) also were lower in BEST-LRMN samples (0.002−0.005 μg/g) than NCBP samples (0.007−0.011 μg/g; Table 5 ). Mean p,p′-homolog concentrations (0.003-0.045 μg/g) were lower than those reported in NCBP samples (0.010 −0.070 μg/g; Table 5 ). Concentrations of total PCBs and toxaphene also were lower in BEST-LRMN samples compared to those in NCBP samples. Elemental contaminant concentrations exceeded detection limits in most samples (Table 6 ). Mean concentrations ranged from 0.03 μg/g for cadmium to 35.2 μg/g for zinc, and median concentrations ranged from 0.04 to 36.0 μg/g ( Table 6 ). The 85th percentile was <1.0 μg/g for arsenic, cadmium, mercury, nickel, lead, and selenium and >1.0 μg/g for chromium, copper, and zinc. Maximum concentrations ranged from 0.51 μg/g for cadmium to 150 μg/g for zinc but were <10 μg/g for most elemental contaminants (Table 6 ). Mean concentrations of arsenic, cadmium, copper, mercury, lead, selenium, and zinc were greater Number of samples with a concentration greater than the detection limit (DL), geometric mean, median, and 85th percentile concentrations are presented. The geometric mean from 1986 National Contaminant Biomonitoring Program (NCBP) samples also is provided for comparison (Schmitt et al. 1999) . ΣChlordane is the sum of heptachlor epoxide, oxychlordane, cis-chlordane, transchlordane, cis-nonachlor, and trans-nonachlor, and ΣDDT is the sum of o,p'-and p,p′-DDE, DDD, and DDT. Censored values were represented by one half the detection limit in the summed values N/A not applicable than those reported in fish from the historical NCBP (Table 6 ). Most differences in mean concentrations between BEST-LRMN samples and NCBP samples were <0.04 μg/g, but mean differences for selenium (0.17 μg/g) and zinc (14.0 μg/g) were greater (Table 6 ). The 85th percentile concentrations of arsenic, cadmium, mercury, lead, selenium, and zinc also were greater than those reported in fish from the NCBP (Table 6) . Differences in mean concentrations of arsenic, cadmium, mercury, and lead were <0.10 μg/g, but differences in copper (0.44 μg/g), selenium (0.32 μg/g), and zinc (54.8 μg/g) were greater (Table 6 ).
Toxicity thresholds
Concentrations in whole-body fish samples exceeded literature-based toxicity thresholds for dieldrin, total chlordane, total DDT, total PCBs, toxaphene, TCDD-EQ, cadmium, chromium, mercury, lead, selenium, and zinc (Table 7) . Concentrations of hexachlorobenzene, arsenic, and copper did not exceed toxicity thresholds for fish and wildlife at any sampling location. Toxicity thresholds meeting our criteria were not found for pentachlorobenzene, pentachloroanisole, α-hexachlorocyclohexane (HCH), β-HCH, δ-HCH, aldrin, endrin, Dacthal, endosulfans, methoxychlor, mirex, or nickel ( Table 7) . Concentrations of some contaminants differed between trophic levels. Concentrations of dieldrin, endrin, total chlordane, total DDT, total PCBs, toxaphene, TCDD-EQ, chromium, and selenium generally were similar in benthivorous and piscivorous fish (Fig. 2) . Concentrations of endrin, total DDT, and toxaphene in Mississippi River Basin samples were greater in benthivores compared to piscivores (Fig. 2) . Concentrations of cadmium, lead, and zinc were greater in benthivores than in piscivores, but mercury was greater in piscivorous fish than in benthivorous fish (Fig. 2) . The greatest concentrations and therefore the greatest exceedences of toxicity thresholds were found in Mississippi River Basin samples. Toxicity thresholds for dieldrin and total chlordane were exceeded by only a few samples from the Mississippi River Basin (Fig. 2) ; carp samples from Sites 76 and 206 exceeded thresholds for both of these contaminants. Total DDT concentrations exceeded toxicity thresholds in 126 samples representing all basins except the Yukon, Savannah, and Pee Dee River Basins and were greatest in samples from the Columbia, Colorado, Rio Grande, and Mississippi River Basins (Fig. 2) . A total of 172 samples representing all basins except the Rio Grande and Yukon River Basins exceeded protective thresholds for total PCBs. Total PCB concentrations were greatest in samples from the Columbia, Colorado, Mississippi, Mobile, and Apalachicola River Basins (Fig. 2) . Toxaphene concentrations exceeded toxicity thresholds in 42 samples representing all basins except the Savannah River Basin but were generally greatest in samples from the Columbia, Rio Grande, and Mississippi River Basins (Fig. 2) . TCDD-EQ concentrations exceeded toxicity thresholds for fish Number of samples with a concentration greater than the detection limit (DL), geometric mean, median, and 85th percentile concentrations are presented. The geometric mean and 85th percentiles from 1986 NCBP samples are provided for comparison (Schmitt et al. 1999) N/A Not applicable Environ Monit Assess (2009) 152: and wildlife in 108 samples representing all basins except the Yukon and Savannah River Basins and were greatest in samples from the Columbia, Mississippi, and Mobile River Basins (Fig. 2) . Cadmium concentrations were generally greater in carp and other benthivores than in piscivores and exceeded toxicity thresholds in 17 samples representing the Columbia, Colorado, and Mississippi River Basins (Fig. 2) . Conversely, mercury concentrations were consistently greater in piscivores and exceeded toxicity thresholds in 278 samples representing all basins (Fig. 2) . Protective toxicity thresholds for lead were exceeded by 12 samples representing the Columbia, Rio Grande, Mississippi, and Apalachicola River Basins, and concentrations were greatest in benthivore samples from the Columbia River Basin (Fig. 2) . Selenium concentrations exceeded toxicity thresholds in 101 samples representing all basins except the Savannah and Pee Dee River Basins and were greatest in samples from the Colorado, Rio Grande, and Mississippi River Basins (Fig. 2) . Zinc concentrations were generally greater in carp and other benthivores than piscivores, but concentrations in northern pike were greater than longnose sucker from the Yukon River Basin. Zinc exceeded toxicity thresholds in 198 samples representing all basins (Fig. 2) .
Screening level wildlife risk analysis
Concentrations of dieldrin, endrin, total DDT, total PCBs, and TCDD-EQ in whole-body fish samples represented a risk to piscivorous wildlife at one or more sites. No risk of dieldrin and endrin exposure to bald eagle and mink was found at most sites. Dieldrin concentrations at two Mississippi River Basin sites (Sites 76 and 206; 0.15−0.25 μg/g) exceeded the NEHC for mink ( Figs. 2 and 3) , and endrin concentrations in samples from Site 76 (0.22−0.71 μg/g) also Table 7 for reference). No effect hazard concentrations (NEHCs) for bald eagle (solid line) and mink (dashed line) are presented for each contaminant (see Table 8 for references and text for calculation) exceeded the NEHC for bald eagle and mink (Fig. 2) . Total DDT concentrations did not represent a risk to bald eagle at sites from the Yukon, Mobile, Savannah, and Pee Dee River Basins (Fig. 3) 201, 202, 203, and 204 in the Mississippi River Basin (5.49−11.37 μg/g) were the only samples with total DDT concentrations that exceeded the NEHC for mink ( Figs. 2 and 3) . Total PCB concentrations did not represent a risk to piscivorous wildlife at sites in the Yukon, Rio Grande, Savannah, and Pee Dee River Basins (Fig. 3) Figs. 2 and 3) . The risk of total PCB exposure was lower to mink than bald eagle (Fig. 3) Figs. 2 and 3) . No risk of TCDD-EQ exposure to bald eagle and mink was found at sites in the Yukon or Savannah River Basins (Fig. 3) . TCDD-EQ concentrations exceeded the NEHC for bald eagle in samples from the Columbia River Basin (one sample from Site 96; 0.000043 μg/g), Mississippi River Basin (29 samples from 18 sites; 0.000017− 0.000068 μg/g), and Mobile River Basin (one sample from Site 327; 0.000034 μg/g; Figs. 2 and 3) . The risk of TCDD-EQ exposure was greater to mink than bald eagle (Fig. 3) . (Table 8) ; therefore, the risk of these contaminants is unknown. Chromium, mercury, selenium, and zinc concentrations in whole-body fish samples represented a risk to piscivorous wildlife at one or more sites. Chromium represented a risk to piscivorous wildlife only in the Rio Grande Basin, where concentrations were comparatively high; they exceeded the NEHC for bald eagle, mink, or both in Rio Grande samples from Sites 63 (71.8 μg/g), 511 (34.0 μg/g), 512 (18.3 μg/g), 513 (21.1−70.2 μg/g), and 515 (21.8 μg/g; Figs. 2  and 4) . No risk of mercury exposure to bald eagle was associated with samples from the Colorado, Rio Grande, or Mississippi River Basins (Fig. 2) . Mercury concentrations exceeded the NEHC for bald eagle in the Yukon River Basin (two samples from two sites; 0.56−0.65 μg/g), Columbia River Basin (one sample from Site 43; 0.61 μg/g), Mobile River Basin (five samples from three sites; 0.52−0.78 μg/g), and Apalachicola-Flint-Chattahoochee River Basin (two samples from Site 332; 0.51−0.65 μg/g, Savannah River Basin (two samples from Site 334; 0.63− 0.67 μg/g), and Pee Dee River Basin (two samples from Site 338; 0.65−0.78 μg/g; Figs. 2 and 4) . For mink, samples from the Yukon River Basin (five samples from three sites; 0.37−0.65 μg/g), Columbia River Basin (six samples from four sites; 0.38− 0.61 μg/g), Rio Grande Basin (two samples from two sites; 0.40−0.46 μg/g), Mississippi River Basin (four samples from three sites; 0.39−0.45 μg/g), Mobile River Basin (seven samples from four sites; 0.40−0.78 μg/g), Apalachicola River Basin (two samples from Site 332; 0.51−0.65 μg/g), Savannah River Basin (four samples from three sites; 0.43− 0.67 μg/g), and Pee Dee River Basin (four samples from two sites; 0.37−0.78 μg/g) exceeded the NEHC for mercury ( Figs. 2 and 4) . Selenium did not represent a risk to piscivorous wildlife at any site in the Yukon, Columbia, Apalachicola, Savannah, or Pee Dee River Basins (Figs. 2 and 4) . Selenium concentrations exceeded the NEHC for bald eagle at one site in the Mississippi River Basin (Site 77; 4.11−4.66 μg/g) and for mink in samples from the Colorado River Basin (34 samples from 12 sites; 1.29−2.95 μg/g), Rio Grande Basin (six samples from three sites; 1.24− 1.87 μg/g), Mississippi River Basin (ten samples from three sites; 1.18−4.66 μg/g), and the Mobile River Basin (one sample from Site 329; 1.29 μg/g; Figs. 2 and 4) . No risk of zinc exposure to piscivorous wildlife was found at most sites; zinc concentrations in one Mississippi River Basin carp sample (Site 79; 150 μg/g) represented a risk to bald eagle (Fig. 2) . Concentrations of arsenic, cadmium, copper, nickel, and lead did not represent a risk to wildlife at any site.
Discussion
Overall, mean concentrations of organochlorine residues were less than historical NCBP concentrations; concentrations of arsenic, cadmium, copper, mercury, lead, selenium, and zinc were greater than NCBP concentrations. Direct comparison of these datasets is precluded by collection location and species composition differences, which can bias mean concentrations. Concentrations of organochlorine pesticides and total PCBs were expected to decline because their use has been banned or regulated in the United States. However, high concentrations of organochlorine chemical residues remain evident in fish near point sources such as former manufacturing facilities and areas of high historical use. Elemental contaminants emanating from point sources have also been regulated, as have many pesticides containing potentially toxic trace elements. However, elemental contaminants also are natural constituents of the earth's crust; some are essential trace elements for terrestrial and aquatic organisms. In spite of regulation, elemental concentrations in fish remain elevated in some areas due to irrigated agriculture (Hamilton 2004) , mining (Schmitt et al. 2006) , and the combustion of fossil fuels (Baumann and Gillespie 1986; Yeardley et al. 1998) , and both organochlorine and elemental contaminants are distributed globally by atmospheric transport. Considered independently, concentrations of most organochlorine residues and elemental contaminants we evaluated represented no or low risk to bald eagle and mink. Among the contaminants evaluated, the greatest risk to bald eagle and mink was associated with total DDT, total PCBs, TCDD-EQ, mercury, and selenium. The risk of pentachloroanisole, aldrin, Dacthal, methoxychlor, mirex, or toxaphene to bald eagle or mink was unknown; NEHCs could not be calculated because NOAELS were not available for these compounds.
Dieldrin -Mink Dieldrin -Bald eagle
Total DDT -Bald eagle Total DDT -Mink Fig. 3 Sites that exceed the no effects hazard concentration (NEHC) for selected organochlorine residues. See Fig. 1 for specific site locations and Table 8 for NEHC concentrations Environmental residues of DDT and its degradation products persist in many areas of historic use, primarily in agricultural areas and near manufacturing and formulation sites, even though the insecticide has been banned in the United States since 1972. Total DDT concentrations remained high in whole-body fish samples from multiple sampling sites in our study and represented a greater risk to bald eagle than mink. Total DDT concentrations exceeded the NEHC for bald eagle in at least one sample from all basins except the Yukon and Savannah River Basins, and the risk was greatest at sites in agricultural areas of the lower Columbia, Mississippi, Rio Grande and Colorado River Basins.
Other studies have reported that DDT concentrations in these regions continue to represent a risk to avian wildlife (Grubb et al. 1990; Henny et al. 2004; Buck et al. 2005) . Concentrations of p,p′-DDE were associated with reproductive effects including eggshell thinning and lower productivity in osprey and bald eagle populations in the lower Columbia River Basin (Henny et al. 2004; Buck et al. 2005) . Conversely, DDT and other contaminants did not affect bald eagle populations nesting along the Salt and Verde Rivers (Grubb et al. 1990) , upstream of where our study indicated high risk of total DDT exposure to bald eagles in the Colorado River Basin. Other studies of bald eagles from our study area were not found in the scientific literature. Our screening level risk analysis indicated that bald eagles were at greatest risk to total DDT in winter nesting areas in the lower Mississippi River Basin (i.e., Arkansas and Mississippi). Mink were also at risk to total DDT exposure in the lower Mississippi River Valley at sites in watersheds farmed for cotton. We are not aware of specific studies evaluating total DDT (USEPA 1993) . NEHC=tissue-based no adverse effects level TRV (mg/kg egg)/biomagnification factor (BMF). The bald eagle BMFs were 28 for PCB, 19 for TCDD-EQ, 22 for ΣDDT, and 1 for mercury c Number of samples=409 for all contaminants except for TCDD-EQ (n=408) and pentachlorobenzene, aldrin, endosulfans, and methoxychlor (n=135). Number of sites=111 except for pentachlorobenzene, aldrin, endosulfans, and methoxychlor (n=37 Fig. 4 Sites that exceed the no effects hazard concentration (NEHC) for selected elemental contaminants. See Fig. 1 for specific site locations and Table 8 for NEHC concentrations concentrations in piscivorous mammal populations from this region. PCBs were used historically as dielectric, hydraulic, and heat transfer fluids; lubricants; and in carbonless copy paper until the U.S. ban in 1979. Total PCB concentrations exceeded NEHCs for bald eagle and mink at multiple sites. Mink are among the most sensitive organisms to PCBs with their survival and reproduction affected by small dietary PCB doses (Leonards et al. 1995) . Risk associated with total PCBs to mink generally was greatest in industrialized watersheds and near historical production and formulation facilities. NEHCs for both mink and bald eagle were exceeded at Sites 23, 24, 67, 76, 111, 320, 324, 327, and 330 . Elevated PCB concentrations have been previously documented in water and biota near Site 327 (USFWS 1996; Schmitt et al. 1999; Zappia 2002) , and PCBs were identified as a potential cause of reproductive dysfunction in mink from the coastal plain of Georgia, South Carolina, and North Carolina (Osowski et al. 1995) . We are not aware of contaminant studies evaluating the risk of total PCBs to piscivorous wildlife in the Mississippi River Basin downstream from Memphis (Site 76) or the Ohio River Valley (Sites 23, 24, and 67). Mink typically do not occur in the southwestern United States, but other piscivorous mammals [i.e., raccoon (Procyon lotor)] may be at risk to total PCBs near Sites 320 and 324. The Gila River at Site 324 has low or no flow for part of the year and is recharged by wastewater treatment plant effluent and urban runoff from the Phoenix area. The Gila River supports contaminated prey items including fish with elevated concentrations of organochlorine pesticides and total PCBs (Hinck et al. 2007) . Therefore, contaminant exposure to piscivorous wildlife may be increased by limited water and food resources in this arid region, where riparian wildlife concentrate. Moreover, bald eagles breeding in southern Arizona habitually forage in the same areas of free-flowing water, where fish are the most commonly consumed prey item (Haywood and Ohmart 1986; Grubb 1995) .
PCBs were formulated as complex mixtures comprising as many as 209 structurally similar compounds (congeners) that vary widely in toxicity and persistence. The toxicity of PCBs to mink, bald eagles, and other organisms is largely attributable to relatively few congeners, specifically the highly toxic non-ortho-and mono-ortho-chloro substituted com-pounds that can assume a planar molecular configuration (Aulerich and Ringer 1977; Peterson et al. 1993; Tillitt et al. 1996) . These compounds are structurally similar to 2,3,7,8-tetrachloro-p-dioxin (TCDD) and are among the compounds collectively known as planar halogenated hydrocarbons (PHHs). Concentrations of PHHs in fish can vary over orders of magnitude depending upon the original composition of the mixture released to the environment, weathering, and toxicokinetic factors, and they largely determine the risk assessment of PCBs in the environment (Safe 1990; van den Berg et al. 2006 ). It has been widely accepted that concentrations of individual congeners, specifically the planar congeners, rather than total PCB concentrations are necessary to assess the risk of PCBs to piscivorous wildlife. However, recent studies indicate that total PCBs measurements can be used to assess the toxicological risks associated with dioxin-like PCB concentrations in whole-body benthivorous and piscivorous fish (Bhavsar et al. 2007a, b) . High-resolution analyses required for PHHs were beyond the scope of our studies; therefore, we determined dioxin-like activity (i.e., TCDD-EQ) with the H4IIE bioassay. As measured in our samples, TCDD-EQ includes the contributions of all the PHHs including the planar PCB congeners. Dioxin-like activity (as TCDD-EQ) was elevated at many of the sites where total PCB concentrations were also comparatively high, indicating that much of the dioxin-like activity was attributable to PCBs. However, the overall risk of TCDD-EQ to bald eagle and mink was more widespread than risk of PCBs, indicating some contributions from other PHHs at sites with high TCDD-EQ concentrations but low total PCB concentrations. TCDD-EQ-related risk was greatest in the Columbia, Rio Grande, Mobile, and Mississippi River Basins, but was minimal in the Yukon, Colorado, Apalachicola, Savannah, and Pee Dee River Basins.
The risk of mercury to piscivorous wildlife was greatest at sites in the southeastern United States (Mobile, Apalachicola, Savannah, and Pee Dee River Basins) and Yukon River Basin. Sources of Hg in these basins include historical gold and cinnabar mines, releases from chemical manufacturing and coal-fired power plants, atmospheric deposition, and wetlands (Rudd 1995; Brumbaugh et al. 2001; Eisler 2004; Paller et al. 2004; Warner et al. 2005) . Orihel et al. (2007) demonstrated that organic mercury deposited directly to aquatic ecosystem was readily converted to methylmercury, which is available to biota. This relationship may explain the high fish concentrations and associated risk of mercury in the southeastern United States and Yukon River Basin, where mercury methylation rates are known to be high (Brumbaugh et al. 2001) . Other studies also have reported that mercury concentrations in these regions represent a risk to avian and mammalian wildlife (Halbrook et al. 1994; Osowski et al. 1995; Ambrose et al. 2000; Adair et al. 2003) . Mercury has been suspected to cause reproductive effects, organ toxicity, and mortality in prothonotary warbler (Protonotaria citrea), mink, and river otter throughout the southeastern United States (Halbrook et al. 1994; Osowski et al. 1995; Adair et al. 2003) . Ambrose et al. (2000) reported that mercury concentrations in peregrine falcon (Falco peregrinus anatum) breeding in the Yukon River Basin were associated with lower nest success. Conversely, mercury concentrations in bald eagle eggs from the lower Columbia River Basin were not associated with lower productivity (Anthony et al. 1993; Buck et al. 2005) .
Sources of excess selenium include natural weathering of seleniferous shales, irrigation practices, uranium ore and coal extraction, and coal-fired power plants (Sorenson 1991) . The risk of selenium to bald eagle was lower than to mink. Among basins, mink in the Colorado River Basin were at greatest risk to selenium exposure. Irrigation and mining throughout these areas accelerate the rates of the processes controlling the release and distribution of this naturally occurring element. Selenium exposure to wildlife is most commonly associated with toxicity to birds (Lemly 1996; Hamilton 2004) . Historically, avian wildlife was impacted by selenium contamination in the Colorado River Basin near Site 312 (Stephens et al. 1992 ), but we are not aware of studies evaluating selenium toxicity to piscivorous mammals in this basin.
The wildlife risk analysis presented here is a screening level or Tier 1 assessment. As such, it was based on the most conservative (i.e., lowest) TRVs available to identify all potential contaminants of concern (USEPA 1998). The conservative TRVs we used included values extrapolated from receptors other than bald eagle and mink. As noted by Sample and Suter (1999) , such an approach indicates only whether harmful effects are possible, not whether they are probable. Consequently, the use of the most conservative TRVs may overestimate the actual risk of some contaminants to wildlife. For example, we initially used a TRV for mercury in bald eagle (0.0064 mg/kg/d) derived from a multi-generational study of mallards (Anas platyrychos ; Heinz 1979; Sample et al. 1996) . Based on this TRV, Yeardley et al. (1998) estimated that mercury concentrations in fish from 98% of the lakes in the northeastern United States represented a risk to piscivorous birds. Our NEHC calculated from this TRV (0.064 g/g) similarly indicated that bald eagles were at risk from mercury at most of our sites (105 of 109 sites), which might be interpreted as indicative of widespread mercury poisoning of bald eagles in the conterminous United States. This conclusions would contradict current data indicating the recovery of U.S. bald eagle populations and their recent removal from the Endangered Species List (U.S. Fish and Wildlife Service 2007), and would indicate that an alternative TRV should be considered. Therefore, we selected a NEHC of 0.5 μg/g developed specifically to estimate mercury risk to bald eagles , which resulted in considerably lower estimates of risk to bald eagles at our sites; only nine sites had mercury concentrations >0.5 μg/g. However, there is evidence that piscivorous birds are being negatively affected by mercury in fish elsewhere (e.g., Scheuhammer and Blancher 1994; Scheuhammer et al. 1998; Nocera and Taylor 1998) . One might therefore argue that bald eagle populations would be increasing more rapidly if not for mercury, which would support the use of the lower TRVs. This example highlights the limitations of conservative TRVs and the importance of qualifying their use in the screening level phase of wildlife risk analysis. Regardless of the TRV employed, sites at risk would need to be evaluated further to fully characterize the exposure and ecological effects of specific contaminants to bald eagles or mink (e.g., Tier 2 risk assessment).
There are other assumptions and uncertainties associated with the approach we used to evaluate risk to piscivorous wildlife. Some of the NOAELs used here were derived from studies conducted several decades ago, and other NOAELs have been proposed and used elsewhere. Consensus NOAELs based on whole-body fish concentrations, such as those adopted for arsenic, cadmium, chromium, copper, nickel, and lead, are not available for many contaminants. The use of other NOAELs would result in different NEHCs and could change the perceived risk to piscivorous wildlife. Other wildlife food chain analyses incorporate water and sediment/soil concentrations to estimate contaminant concentrations in fish and evaluate the risk of contaminants to piscivorous wildlife because fish concentrations are not available. While more recent toxicity thresholds may be available for water, soil, and sediment, there are additional uncertainties associated with estimating exposure to piscivorous wildlife from these endpoints. Factors such as organic carbon content, sulfides, hardness, and pH can influence the bioavailability and toxicity of contaminants (e.g., Björnberg et al. 1988; Chapman et al. 1998; Heekyoung Choi et al. 1998 ). These points emphasize that updated consensus toxicity thresholds based on whole-body fish concentrations associated with reproductive performance, growth, and survival are needed, especially for contaminants such as pentachloroanisole, Dacthal, and mirex for which toxicity thresholds are not currently available. However, studies determining toxicity thresholds in whole-body fish are not likely to be conducted for some of these contaminants because of time and expense requirements for multi-generational studies with birds and mammals and the current focus of research on new or emerging contaminants.
The selection of appropriate receptors in the analysis is important. Bald eagles and mink consume large, adult fish such as those collected and analyzed in this study and are therefore reasonable receptors. The risk of contaminants to other piscivorous wildlife such as belted kingfisher (Ceryle alcyon), Caspian tern (Sterna caspia), or common loons (Gavia immer) may be overestimated if these species are used in the model, because they consume smaller fish that are presumed to have lower contaminant concentrations than larger fish because of their shorter lifespans, higher growth rates, and higher metabolism (Scheuhammer et al. 1998; Rose et al. 1999) . It is also unlikely that the diet of adult bald eagles or mink would be entirely composed of fish from one site, which is tacitly assumed in this approach. Nevertheless, this assumption may be valid for nestling birds or cubs fed locally procured prey items. Moreover, the risk of accumulative contaminants to nestlings/cubs and juveniles may be greater because of their small body size and correspondingly higher food ingestion rates compared to adult wildlife. Inexperienced juveniles also may have greater exposure to chemical contaminants because of their initial small home range or when they scavenge on dead or dying fish associated with natural or anthropogenic events.
As a final consideration, this assessment assumes that the contaminants act independently. Many of the contaminants co-occur at the sites, and their effects are not necessarily independent or additive (e.g., Wren et al. 1987) . Effects also may vary depending on other factors such as the disease, nutritional, and reproductive status of the organism. Nevertheless, the NOAELs and subsequent NEHCs represent conservative, screening-level criteria for the assessment of potential adverse effects in wildlife from chemical contaminants in the fish that they consume.
Overall, concentrations of many persistent, bioaccumulative organochlorine chemical residues have declined over the past two decades. Our results indicate that organochlorine residues, in particular p,p′-DDE and total PCBs, remain a risk to piscivorous wildlife at some sites. Concentrations of mercury and selenium, which have not declined, also represent a risk at a number of sites. In addition, mercury and selenium concentrations in aquatic systems may rise because of increasing global coal combustion and subsequent atmospheric deposition (USEPA 1997; Mason et al. 1999) . The full geographic extent of the risk associated with contaminants in fish cannot be determined from our data because some of the sites were not selected in a truly unbiased manner and only screening level analyses were conducted. Regardless, our findings indicate that environmental contaminants are a risk to piscivorous wildlife at some sites. Characterization of exposure and ecological effects for contaminants at specific sites would be the next step in refining the risks determined in our screening level wildlife risk analysis.
